Robotics In Construction by Ruggiero, Alexander Norman et al.
Worcester Polytechnic Institute
Digital WPI
Interactive Qualifying Projects (All Years) Interactive Qualifying Projects
March 2016
Robotics In Construction
Alexander Norman Ruggiero
Worcester Polytechnic Institute
Chase Logan St. Laurent
Worcester Polytechnic Institute
Sebastiano Daniele Salvo
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/iqp-all
This Unrestricted is brought to you for free and open access by the Interactive Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Interactive Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Ruggiero, A. N., St. Laurent, C. L., & Salvo, S. D. (2016). Robotics In Construction. Retrieved from https://digitalcommons.wpi.edu/
iqp-all/2749
GFS-1604 
Robotics in Construction 
IQP Final Report 
3/24/2016 
An Interactive Qualifying Project Report 
Submitted to the Faculty of  
Worcester Polytechnic Institute 
In partial fulfillment of the requirements for the Degree of Bachelor 
by 
Alexander Ruggiero 
Sebastian Salvo 
Chase St. Laurent 
 
Project Advisors: 
Professor Michael Gennert, Robotic Engineering 
Professor Guillermo Salazar, Civil Engineering 
Dr. Luciana Burdi, Massport 
 
Sponsoring Agency: Massport 
This report is the product of an education program, and is intended to serve as partial documentation for 
the evaluation of academic achievement. The report should not be construed as a working document by 
the reader. 
ii | P a g e  
 
Abstract  
 This project reviews construction process and new emerging robotic technologies, all 
while keeping in mind the societal implications the new technologies may have. The study 
identifies and analyzes the benefits and limitations of a wide array of robotic applications. A 
roadmap and timeline are created to guide Massport on how and when to implement the 
various robotic applications into their construction operations. The end result of this project 
could be extended to the construction industry as a whole. 
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1.0 Introduction 
This study explores how robotics is being used, and could be used in the future, in the 
field of construction. Robotics as a whole is a synchronous combination of mechanical, 
electrical, and software engineering. It is a field that aims to better the lives of humans in tasks 
that are dangerous, dirty, or demanding. Construction is the process of creating or renovating a 
building or an infrastructure facility.  
Due to the evolving field of robotics, the goal of this project is to find out how robotics 
can be implemented into construction tasks and to identify as many robotics technologies as 
possible that can have some application in construction, while also determining if any of these 
potential technologies can be integrated in the near future.  This could potentially facilitate 
many construction processes to make them safer for workers, take up less time, or even to 
perform simple tedious tasks.  
The project is sponsored by the Massachusetts Port Authority (Massport) who is 
exploring the potential integration of robotics to benefit their construction projects in the 
upcoming years.  
This project reviews construction process and new emerging robotic technologies, all 
while keeping in mind the societal implications the new technologies may have. The study 
identifies and analyzes the benefits and limitations of a wide array of robotic applications. A 
roadmap and timeline are created to guide Massport on how and when to implement the 
various robotic applications into their construction operations. The end result of this project 
could be extended to the construction industry as a whole. 
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The research was conducted through an extensive review of robotics technology and 
through two online surveys distributed to construction workers and other individuals not 
directly involved in construction. A methodology was developed to assess the benefits and 
limitations of each technology.  
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2.0 Background 
 This chapter serves as a summary of multiple concepts necessary to fully understand the 
scope and underlying factors involving the projects necessity and requirements. In the following 
sections we describe the construction industry, the possibility of improvement in the 
construction industry, the role robotics may play in that improvement, and the societal 
implications robotics present. 
 
2.1 Evolution of Construction 
 Construction has been prevalent since the dawn of mankind. From the pyramids of 
Egypt and the Great wall in China to the latest projects such as modern bridges and 
architecture. Construction has been a human endeavor for generations in all parts of the globe. 
These projects took extensive amounts of time to build and demanded large use of resources 
including labor. Some of this was slave labor, many of whom died in the course of building the 
project. The contemporary construction methods of the modern world have seen a vast 
improvement. Today there are machines and tools to assist labor in accomplishing tasks that 
would have taken significantly more time in ancient times. With the introduction of new 
materials, steel and concrete, the construction industry has also seen vast improvements. 
Concrete is a relatively low cost, structural material. It is strong and durable, and is widely used 
for virtually any type of project around the world. Steel provides needed strength for 
supporting the loads of large scale buildings in a more efficient way (“Construction Industry 
History”, 2010). In addition, there are also regulations put into place to harbor safer working 
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conditions, thanks in part to the Occupational Safety and Health Administration, or OSHA 
(“OSHA”, 2015).  
 
2.2 Massport 
Massport is “a world class organization moving people and goods - and connecting 
Massachusetts and New England to the world - safely and securely and with a commitment to 
our neighboring communities” (“Massport - Mission”, 2015). This mission statement clearly 
defines their intentions to become a global gate for transportation of people and goods. Their 
aim is to improve and modernize the facilities they have created and give them the best 
amenities for improved best customer service. Their projects include Boston Logan Airport, 
Worcester Airport, and the Port of Boston to name a few. There are also countless other 
construction projects involving facility creation, taxiway creation, and countless more projects. 
With many diverse projects being maintained and future projects, construction never ends for 
Massport (“Massport - Home”, 2015). Massport wants to improve and modernize their 
construction process through the use of technology, particularly through the advancement and 
transition to robotic technologies. 
 
2.3 Development of Constructed Facilities 
 Whether it be modern times or ancient times, construction starts with an idea for a 
structure.  Whether it be for a house or a skyscraper, there must be a need for a structure.  
Once the idea is formulated, architects are given the task of designing the structure, fleshing 
the idea out into specifics such as quality, functionality, and workmanship. Once specifics are 
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defined in terms of drawings and specifications a builder is called upon to erect the designed 
facility. This turns the design into a finished built product. The entire process is coordinated by 
a project manager in charge of securing all required resources to complete the project on-time, 
on budget, and according to the designer specific quality. The project manager is also in charge 
of finding and enlisting contractors for the construction project. Once finances and contracts 
are in order, construction begins. The project follows a defined timetable and finances are 
constantly monitored throughout the duration of the project. The construction process is 
sequential and many tasks are done throughout the entirety of the process from start to finish 
(“Construction Process”, 2015). 
 
2.4 Opportunities for Construction Improvement 
 The rate at which construction progresses is subject to variability. Productivity depends 
on many variables including the weather and worker productivity which depends on factors 
such as overtime, morale and attitude, fatigue, stacking of trades, mobilizing and demobilizing, 
general errors, reassignment of manpower, crew size inefficiency, hazardous work areas, and 
the list goes on ("Factors Affecting Construction Labor Productivity", 2012). A common 
underlying factor to this variability is natural human imperfection. Another issue seen in the 
construction industry is security. Security has been a rising issue at many construction sites. 
One primary example is thieves have been stealing copper pipes during the night. Even the 
workers themselves may be pilfering materials from the construction site for their own 
personal gain ("Why Construction Surveillance is so Important", 2015). A need for enhanced 
security is necessary for construction managers and industries as a whole to operate smoothly 
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without any hindrance or disappearing materials. Another primary issue seen at construction 
sites is the safety of workers. Although OSHA has helped in keeping the number of injuries and 
death tolls down, safety is still a large issue today in construction.  Over the past summer, an 
ironworker working on the new Logan Airport parking garage was trying to secure a concrete 
panel when the panel fell from the crane and caused him to plummet 40 feet. He was sent to 
the General Hospital where we succumbed to his injuries (Crimaldi, 2015). Clearly safety on a 
construction site is most crucial, and steps should be made to further increase the safety at the 
job sites. 
 
2.5 The Role of Robotics 
 With traditional issues surrounding the construction industry, there is always 
opportunity for improvement and robotics engineering plays an important role in it. “Robotics 
is the science of designing, building, and applying robots. Robotics is a solid discipline of study 
that incorporates the background, knowledge, and creativity of mechanical, electrical, 
computer, industrial, and manufacturing engineering” (Jackson, 2015). Robots, in general, have 
many advantages and benefits. Some of these benefits are an improved production quality, and 
an improved quality of life for workers in any industry (Jackson, 2015). For example, robots can 
have microscopic precision and produce quality in products otherwise not possible to achieve 
with traditional labor skills. Robots can also be used in areas that are hazardous to humans. 
Many of the emerging robotic technologies today that can be applied to construction 
applications are demolition robots, 3D printing robots, robotic drones, bricklaying robots, 
welding robots, exoskeletons, forklift robots, and roadwork robots. All of these robotic 
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technologies have the potential to improve many construction industry areas such as 
productivity, quality, security, safety, and can even stimulate the creation of more jobs. Robots 
also come with their own respective negative aspects. There are also many future technologies 
which could further enhance the construction industry including humanoids and mobile 
telepresence robots. All of these technologies are further discussed in this study in more detail.  
 
2.6 Social Issues 
There are many social issues to take into account when discussing robotic applications in 
construction. One of these concerns comes in the form of privacy, both worker and public 
privacy. Any surveillance technologies are examples of potential invasions of privacy when 
using robotic technologies. Another main issue is the fear of job loss. One big fear for the rise of 
robotics is that workers may lose their jobs to a machine. They do not want an automated 
robot to do the job they, as a human, are paid to do (Romeo, 2015). The robots make the job 
easier and potentially lower costs of production since they are not necessarily subject to 
negotiation of hourly wages. A robot is a one-time investment that will pay for itself over time. 
With a robot there are no unions to worry about, no healthcare costs, just maintenance costs. 
This job substitution could also be seen as a good thing. Instead of humans being in charge of 
the simpler jobs that robots can do, they could potentially be hired to perform maintenance 
checks on the robots instead. With the rise of robotics comes the rise of those with knowledge 
in robotics to work on them. Another societal issue is the concern of safety. While we do not 
have to worry about a science-fiction robot apocalypse scenario where robots become more 
intelligent than their creators, there can be a concern with their programming. For most robots, 
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their program is procedural. If a random event occurs, such as a worker walking in its path, the 
robot may not be prepared for that. In this case, safety protocols would need to be placed to 
protect those around the robot’s work envelope (“Industrial Robots and Robot System Safety”, 
2015). Another societal issue is hacking of the robotic systems or hijacking them. Cybercrimes 
have evolved along with computer technology. Robots can be hacked either directly or 
indirectly. Indirectly, a hacker can infiltrate a robot similarly to hacking a website. Drones can 
be hacked on their Bluetooth communication network (“Burke, 2015). The fear of technology as 
well as change are topics that easily tie together with the fear of job loss the public has with 
robotics being used in the current job market. A large portion of robotics movies are also 
themed around the fear of change and how the world changes due to the introduction of 
robots into society. Most are quite negative, as that makes for more entertaining storyline, 
taking a movie such as, “I, Robot”, as an example. The movie is about robots working with 
humans in society until a new version of robot comes out that gets a virus and tries to take over 
the world (“I, Robot”, 2004). This is a fear many people experience and what they see about the 
future of robotics. 
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3.0 Methodology 
 The procedure to conduct this project is a multi-step process with many iterations. This 
chapter outlines the strategy and process followed in order to attain the project goals and to 
achieve the desired outcomes. It provides a guide to how the goal was met, what objectives 
were attained, what methods were used to complete the objectives, and finally how those 
objectives accomplish the project goal. Figure 1 shows, graphically, the flow and components of 
this process.  
The research strategy is based on the posing of key questions aimed at answering the 
focus question of the project: “How can robotic technologies be used to benefit the 
construction industry of Massport and the surrounding communities?” 
 In order to answer the focus question, many secondary questions were formulated and 
answered by gaining knowledge through research along the way and collecting data as needed. 
Appendix B shows the various list of questions that were formulated. Each week, two or three 
of these questions were answered through various research methods. The secondary questions 
have the following distinct categories: the construction process, Massport, robotic 
technologies, and the workers and surrounding communities. Work between team members 
was divided equally and each member worked on individual research for every sub-question. 
Once collected, the team congregated and compiled all the gathered information. 
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Figure 1 - Flowchart of Methodology 
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In order to answer the secondary questions, data was generated from methods such as 
online research, using polling software to poll construction workers and communities. These 
methods were used to collect the relevant data for opinions of workers, robotic technologies 
that are readily available and those to come in the future, the construction process, as well as 
data on past, present, and future Massport projects.  
 Once the critical data was collected, analysis was conducted. The information that was 
gathered from the workers opinions was analyzed using polling charts on a Likert type scale. 
SurveyMonkey software was used to gather these charts and needed data. This data was then 
organized and analyzed. It contains the opinions of the workers on various subjects regarding 
the integration of robotics into the workforce.   
Each robotic technology was analyzed to determine how they could be used, their pros 
and cons, how they could be integrated into construction, and at what cost.  Using a grading 
rubric, each potential robotic technology category was graded out of 100% and assigned a 
grade based upon its results on key factors that determine its success such as availability, risk 
analysis results, cost benefit results, responses from both the community and construction 
worker surveys, and lastly on the opinions of the researchers. Using this rubric, these analyses 
were sorted into distinct categories based on where and how they can most directly assist the 
construction process. These categories were formatted based off of the CSI masterformat. 
 Once the analysis was completed for all four categories, the next task was to synthesize 
all of it to create a roadmap. This roadmap served as suggestions for integration of each 
researched robotic technology into construction. The roadmap was a deliverable for Massport 
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that would assist them with decision making on how to proceed if they choose to involve 
robotics in their processes. Another deliverable for Massport, in conjunction with the roadmap, 
was a timeline that allows one to know when each individual robotic technology is estimated to 
be commercially available, if not already available. The timeline was a separate deliverable, but 
worked in conjunction with the roadmap. The timeline assisted them with planning the 
integration process. Once all of the previous steps (data collection, data analysis, synthesizing 
of analysis, deliverable creation) were accomplished, the last step, yet developed as progress 
was made on the project during its entirety, was to generate a final report on the outcomes of 
this IQP. Once this document was created, the roadmap and timeline was presented in a 
cumulative portfolio and Massport was given a final presentation about our entire research 
process, concluding the IQP, Robotics in Construction. 
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4.0 Research and Results: Robotic Technologies 
Our research investigated three main areas: Robotic technology, construction processes 
and its trends, and lastly the social implications of robotic integration. This first section of our 
research and results focuses on the robotic technologies studied in this project. To fully 
research these technologies we looked at their applicability, their pros, cons and limitations, 
and their availability. Many of the emerging robotic technologies today that can be applied to 
construction applications are demolition robots, 3D printing robots, robotic drones, bricklaying 
robots, welding robots, exoskeletons, forklift robots, roadwork robots, and humanoids. All of 
these robotic technologies have the potential to solve many current issues affecting the 
construction industry but some still have negative aspects. 
 
4.1 Demolition Robots 
Demolition robots are primarily used for tearing down building walls and other various 
structures. Demolition is an important part of construction, specifically in the renovation field. 
In a case where a floor of a building needs to be redesigned, demolition occurs to topple 
existing walls in order to give room to create a new layout. The primary benefits of demolition 
robots are that they are much more effective than handheld equipment. They also allow the 
operator to stand away from the debris and contaminants, making them safer than handheld 
devices. A key note here is that current versions of demolition robots are primarily designed for 
small scale demolition, not large scale applications. Some demolition robots use hydropower to 
bring down materials such as weak concrete and can prevent the air from being polluted with 
material dust. Some of the negative aspects of demolition robots from the social point of view 
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is that it could require less workers for the typical demolition job, leading to job loss (“Remote 
Demolition”, 2015). 
There are three distinct types of demolition robots that are available or being 
developed: multi-tooled, hydro-powered, and eco-friendly. Multi-tooled demolition robots 
allow for multiple types of tools to be placed at the end of a robotic arm on the demolition 
robot. Figure 2 shows a multi-tooled demolition robot: 
 
Figure 2 – Multi-Tooled Demolition Robot 
Hydro-powered demolition robots use high pressured water jets to disintegrate walls 
and beams with ease. Figure 3 shows a hydro-powered demolition robot: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 3 – Hydro-Powered Demolition Robot 
Eco-friendly demolition robots aim to function similarly as hydro-powered demolition 
robots, but also absorb the material they remove and process it to make the material 
recyclable. Figure 4 shows an eco-friendly demolition robot: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 4 – Eco-Friendly Demolition Robot 
One key positive aspect is that they only require one operator no matter the type of 
demolition robot. They all allow for the safety of demolition workers to be significantly 
increased by keeping only one worker at bay behind a controller. The hydro-powered 
demolition robots also prevent dust particles from getting into the local atmosphere. The eco-
friendly demolition robots turn the waste product into recyclable aggregate. All types of 
demolition robots save money, as an investment, as they reduce the number of workers 
required which is discussed later on in this report. The major negative aspect of demolition 
robots is that they all require a significant power source to operate, whether it be a battery or a 
cord to an industrial grade outlet or generator. 
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4.2 3D Printing and Contour Crafting 
3D printing has evolved over the past decade.  From rapid prototyping to full scale 
working cars, 3D printing has changed the way we think about manufacturing and will continue 
to do so for generations to come.  Figure 5 shows a 3D printing robot:
 
Figure 5 – 3D Printing Robot 
3D printing is now coming to the construction industry.  From building homes in a day, 
to building a block of apartments in a week, this technology can fundamentally change the way 
we construct buildings. Where normal construction takes a few months, construction by 3D 
printing robots can print a structure in a day or two. There is little to no waste created, as the 
robot applies the exact amount of material needed for the structure. One main downside to 
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this emerging technology is that this kind of robot can replace a large number of workers, as 
only a few would be needed to operate the robot, potentially causing job loss (Khoshnevis, 
2014). 3D printing and contour crafting robots require the placement of a rig which can be very 
demanding. However, this is already done similarly when building tall buildings in cities where 
gantries are used to lift large beams. The same setup practices can be applied to the setup of a 
3D printing robot. 3D printers aim to be highly mobile when setup is complete. While it may 
take some time to set up the apparatus, the 3D printer aims to save significant time in the build 
period of the structure. Many of the current 3D printing technologies are purely academic in 
nature or experimental, however there are companies looking to sell these machines in one to 
two years.  
 
4.3 Drones 
Another emerging robotic technology is that of robotic drones. Drones are unmanned 
robots that are controlled remotely by human interface and are used to accomplish various 
tasks. They are very versatile as these robots can be small or large, fast or slow. Drone 
technology has the ability to be applied in just about any field including construction. There are 
four main types of drones that are directly applicable to construction practices: Contour 
crafting, transportation, surveying, and monitoring.   
Contour crafting drones merge drones and 3D printing technology to create a flying 3D 
printer. Figure 6 shows a contour crafting drone:  
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Figure 6 – Contour Crafting Drone 
These drones are purely in an experimental stage. While the benefits are obvious, the 
ability to 3D print anywhere and the verticality prowess, the negatives to this technology are 
hefty. There are wind invariances that cause drones to become unsteady and thus the drone 
cannot perform outdoors. The motor vibrations from the drone also make the application of 3D 
printing almost impossible, at least if you want it to be precise.  
Transportation drones would be used in a formation called swarm robotics. Figure 7 
shows a swarm of drones and figure 8 shows a single transportation drone:  
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 7 – Swarm of drones 
 
Figure 8 – Transportation Drone 
Swarm drones would work as a unit to lift heavy payloads and deliver them to a high 
location. The benefits of this technology is that they can attain high locations very easily 
whereas it could take a human worker a long time to deliver materials, ones light enough to not 
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require a lift or crane, to the same high location. The negatives are that wind invariances can 
cause for the drones to not work well as a unit.  
Surveying drones are used to get still images, 360 panoramas, and aerial shots of a 
construction site. Figure 9 shows a surveying drone:  
 
Figure 9 – Surveying Drone 
The benefits are obvious as the drones can capture multiple angles in a short amount of 
time and eliminates the need for multiple cameras to be rigged at multiple locations 
surrounding the site. When partnered with advanced imaging technology, companies can 
analyze the progress of a site in real time. An example of this is the application of bridge 
inspection. A surveying drone is capable of analyzing weaknesses in a bridge when partnered 
with software imaging technology (Drelich, 2015). The negatives of this technology is that the 
quality of the images may not be as good as a still frame due to the vibrations caused by the 
rotors.  
Monitoring drones are used to act as security at a construction site. Figure 10 shows a 
monitoring drone:  
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Figure 10 – Monitoring Drone 
They can be used as security for the construction site but also can be used to monitor 
the site to determine who is there and how long they have been there using facial recognition.  
The advantages of this technology are similar to that of the surveying drones in that they can 
attain high locations. The disadvantages are that some workers may feel that it violates their 
privacy. The counter argument that has been made about this is that security cameras already 
exist and that these monitoring drones would be no different.  
Some of the major benefits of drones are that they are usually small, which usually 
means cheaper, however there are some exceptions. Ranging from simple to complex, drones 
are usually capable of more than just one task and a great many of them could do these tasks 
autonomously. Another obvious benefit is that they can attain higher elevations quickly and 
without much effort. The downside of using this technology is the maintenance costs, their 
ability to get lost, and there are many regulations against their usage in many locations 
(“Drones”, 2015). However, recent loopholes in the rules allow for a licensed operator to use a 
drone so long that it does not eliminate the need for workers. Drone use near airports is still 
tightly enforced as a no fly zone. 
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4.4 Bricklaying Robots 
Robots are used to accomplish jobs deemed too tedious for humans.  One such tedious 
task is bricklaying. Bricklaying robots are being used in the construction field to perform a task 
consecutively and efficiently of layering bricks for buildings, roads, walls, etc. Bricklaying robots 
come in a few sizes.  Industrial robotics arms are able to do repetitive task efficiently.  Figure 11 
shows a bricklaying robot for walls:  
 
Figure 11 – Bricklaying Robot: Walls  
Many bricklaying robots utilize industrial robotics arms to do repetitive tasks including 
bricklaying or stacking.  Other bricklaying robots can lay a masonry pathway using a conveyor 
belt or a coupled pattern arrangement system. Figure 12 shows a bricklaying robot for roads 
and pathways: 
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Figure 12 – Bricklaying Robot: Roads 
Bricklaying robots can assemble the masonry structure of the building, while the 
workers operate the robot or perform support task (such as mixing the cement or bonding 
agent).  They can also make elaborate masonry structures that could not be created with 
traditional methods. 
The major benefit of this technology is that it can perform the task efficiently and 
quickly. However, this technology has the downside of a high cost which will be discussed in the 
cost benefit section later in this report. An investment would have to be made that would pay 
off in the long term goals of the construction process for the potential of this type of robot to 
be used ("Semi-Automated Mason", 2015). 
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4.5 Welding Robots 
Welding robots are used for the construction of ships, and for any application to joining 
metal. These robots can be used on steel structures and particularly on the docking stations of 
ports. They are able to make precise welds and maneuver in hard to reach locations. Figure 13 
shows a welding robot:  
 
Figure 13 – Welding Robot 
There are two areas where this robot can be used in, one being the construction of 
skyscrapers. In Japan, welding robots are used to weld steel beams together. Another use in 
construction are concrete slabs.  Before the concrete can be poured, riggings must be placed in 
and welded. Because of the maze of riggings, a welder is at a large risk of getting hurt, but a 
welding robot could take the place of a worker and prevent injury. Unfortunately, there are 
very limited implementations of welding robots for onsite construction.  Besides Japan, there 
are no other records of welding robots being used in the construction industry.  The closest 
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implementation is in-ship building where a dozen welding robots are lowered to the hull of a 
ship to welding the hull together.  However, this still seems impractical in a construction site 
setting. 
The benefits of this technology is that it is safer for workers who don't have to be near 
sparks flying and intense heat when using these robots, making them useful for safety. The 
welding robots are able to attain a high quality of welding. The disadvantages are that it 
currently is a stationary device so a worker needs to place it and situate it. At this point in time, 
it may be simpler and less costly to manually weld. The only determining factor would be the 
quality of the robot versus that of a human (“Mini Welding Robot”, 2013). 
 
4.6 Exoskeletons 
Another emerging technology is robotic exoskeletal suits working with humans to 
enhance a task or ability the human body lacks. Intelligent suits are meant to increase the 
strength of the average user, endurance, speed, agility, etc. Figure 14 shows an exoskeleton 
suit: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
27 | P a g e  
 
 
Figure 14 – Exoskeleton Suit 
 A major benefit is it allows for injured or disabled workers to work in construction. Also 
it allows workers to lift and transport heavier objects than ever before. Some of the 
disadvantages of exoskeletons are that most are quite bulky, even though they increase 
abilities mentioned. Some of the suits that focus on strength or endurance tend to lack speed, 
or the suits that specialize in speed or agility tend to lack in durability when trying to lift large 
payloads. The cost benefit, which is discussed later in this report, is not good and would not be 
practical for construction companies to invest in. Humans must also be willing to learn to use 
these suits, as they are a very new technology to get used to (Mane, 2014). 
 
4.7 Forklift Robots 
Forklift robots have a main goal of transporting heavy or generally large objects from 
one point to the next. They aim to alleviate the need for a human to carry these objects, or 
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have a human control a forklift to transport the goods.  They are able to accomplish this 
through vision tracking and map localization. Figure 15 shows a forklift robot:  
 
Figure 15 – Forklift Robot 
Based off of the work done by the MIT team on forklift robots, if a robot is pre-
programmed a map it can essentially traverse the path generated using algorithms in a short 
amount of time, all while delivering heavy payloads (Gyimah, 2015). This application can be 
used almost anywhere that a large or heavy objects need to be transported. In construction, it 
is very common for many materials and supplies to be heavy and or burdensome for workers. 
Having a forklift robot would alleviate this burden. 
There are two main foreseen limitations of forklift robots. With the nature of a forklift 
robot being a forklift, the terrain needs to be relatively flat with no harsh gradients or bumps. In 
a construction site it may be a common case where the terrain is too harsh for such a robot to 
be able to perform. Another limitation, which is not too big of an issue, is that the map of the 
job site needs to be pre-planned into the robot.  
The main advantages of this technology are or seem to be that there is a low cost of 
ownership and it has the ability to lift heavy payloads that humans cannot feasibly accomplish 
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(4000 lb by the Patriot P325 model). The current drawback of this technology is that it cannot 
handle intense terrain and needs to be kept in a controlled environment. Some of the robots 
require mapping of the terrain for them in their current state of development (Teller, 2010). 
 
4.8 Roadwork Robots 
Roadwork robots are primarily focused upon repainting and repaving roadways. The 
primary reason for this is to do small patch jobs to avoid the highway clutter and traffic jams. 
Figure 16 shows a repaving robot while figure 17 shows a repainting robot: 
 
Figure 16 – Repaving Robot 
 
Figure 17 – Repainting Robot 
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Currently, large machinery is required to repaint and fix small potholes and other cracks 
in roads. This technology is smaller in scale and is able to do smaller patch jobs on potholes and 
cracks. The repainting robots allow for the same type of small job scale fix jobs. Their main 
abilities are that they alleviate the need for a large workforce and machinery for jobs that are 
relatively small in nature. The only drawback is that this technology is not very precise at the 
moment and further technological testing needs to be made to perfect this ("Paint and Coatings 
Industry News”, 2013). 
 
4.9 Future Technology: Humanoids 
Humanoid robots, a self-explanatory concept, is of the most complex types of robots we 
can try to create in today’s world. Currently, the robot called Atlas is the closest robot to a 
humanoid and with complex abilities like balance and obstacle avoidance (Boston Dynamics, 
2015). Figure 18 shows the humanoid robot, Atlas: 
 
Figure 18 – Humanoid Robot 
These robots are able to navigate through hazardous areas and accomplish tasks that 
humans are unable to do due to the environment. These robots could be also used to do almost 
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anything a human could do. This technology is very far away from being a reality at the moment 
and therefore it has been classified as a future technology.   
The downside to these robots are that costs are high and the development time is 
extensive. The amount of complexity in a system that has a lot of kinematic motion and can 
create safety concerns (“Boston Dynamics: Atlas”, 2013).  
 
4.10 Researcher Ranking Analysis 
From the research done on all of the above robotic technologies, the three researchers 
analyzed their pros, cons, limitations, and other factors to determine a rating for each. The 
researchers assigned the nine main categories of robots along with their subcategories a score 
out of 20. The worst possible score was a 0 and the best possible score was a 20. The three 
scores from the researchers were averaged to determine the final score for this section. The 
total weight of this section is to count towards 20% of the final grade for each technology. The 
purpose of this sections weight, and the determination of it is discussed later in chapter 8. The 
results from this analysis are shown in table 3. 
As shown in table 3, the top 3 robotic technologies are surveying drones, multi-tooled 
demolition robots, and hydro powered demolition robots. The researchers believed, based 
upon their research and findings, that these were the best three technologies that could be 
implemented into construction. The worst 3 robotic technologies were welding robots, 3D 
printing drones, and lastly humanoids. Humanoids received the worst score not only because 
they are a futuristic technology that is not even remotely close to becoming a reality for the 
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construction industry. The benefits of replacing an entire human did not seem to outweigh the 
negatives of taking jobs away from actual human construction workers.  
TECH Researcher 1 Researcher 2 Researcher 3 Average 
Drones: Surveying 20 19 19 19.3 
Demo: Multi-tooled 20 20 18 19.3 
Drones: Surveillance 19 20 17 18.7 
Demo: Hydro Powered 20 19 17 18.7 
Demo: Eco Friendly 18 17.5 16 17.2 
Bricklaying: Walls 20 14 16 16.7 
Drones: Swarms 14 17 14 15 
Bricklaying: Roads 15 16 14 15 
Roadwork: Repainting 15 15 15 15 
Drones: Transportation 15 16 13 14.7 
Roadwork: Repaving 15 15 14 14.7 
Forklift robots 13 17 12 14 
3D Printing 15 15 5 11.7 
Exoskeletons 12 12 9 11 
Welding 5 1 8 4.7 
Drones: 3D Printing 0 3 1 1.33 
Humanoids 0 1 2 1 
Table 2: Researcher Ratings 
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5.0 Timeline to Commercial Availability 
 
A major factor in integrating robotics into construction is the commercial availability of 
the robotic technology. In order for construction companies to know when they could purchase 
and use the robotic technologies, a timeline was created to help estimate when the technology 
would be commercially available. This timeline was comprised of the 9 robotic categories as 
well as their subcategories. All of the data was estimated based upon research findings. The 
resulting timeline is shown in figure 19. 
Based upon the timeline in figure 19, construction companies can establish a plan to 
integrate technologies over time. From this data, they also can realize there are already existing 
technologies ready for use such as many specific drone applications, exoskeletons, and 
bricklaying robots for roads and walkways. A company may also use this timeline to determine 
that some technologies are too far in the future to wait for such as 3D printing drones and 
humanoids.  
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 19 - Timeline to Commercial Availability 
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5.1 Timeline Analysis 
This timeline was further used in the quantitative analysis of all the robotic technologies 
being researched. The score for the timeline was 10% of the final score for each robotic 
technology, with a max score of 10 in this section. The weight of this section will be discussed 
later in chapter 8. If a technology is available now, it would receive the highest score of 10, 
whereas if it is not available until 10 or more years it would receive the lowest score of 1. The 
availability rating is shown below in table 3:  
Technology Prediction to Availability Score: 
Drones: Surveillance Now 10 
Drones: 3D Printing 10+ years 1 
Drones: Transportation Now 10 
Drones: Surveying Now 10 
Drones: Swarms Now-6 months 9.5 
Demo: Multi-tooled Now 10 
Demo: Hydro Powered Now 10 
Demo: Eco Friendly 7 years 4 
3D Printing/Contour Crafting 2 years 7 
Bricklaying: Walls 3 years 6 
Bricklaying: Roads Now 10 
Welding 1 year 10 
Exoskeletons Now 10 
Forklift robots 3 years 6 
Roadwork: Repainting 2 years 7 
Roadwork: Repaving 5 years 5 
Humanoids 10+ years 1 
Table 3: Availability Rating 
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6.0 Research and Results: Construction and Social Implications 
Our research investigated three main areas: Robotic technology, construction processes 
and its trends, and lastly the social implications of robotic integration. This section focuses on 
the latter two, respectively. For the social implications of robotic technology, we analyzed how 
construction workers and the communities perceive the impact of robotic integration among 
many fields in construction. In order to do this, the ways in which construction work is classified 
in this industry were identified. This provided a framework to determine the best fit of robotic 
technologies into construction work.   
 
6.1 Construction 
The construction worker survey was assembled according to trade classifications. In 
order to do this, we needed to create a breakdown structure to analyze which subtask each 
robotic technology would be categorized under. We adopted the Construction Specifications 
Institute (CSI) Masterformat. Under this format we were able to categorize which robotic 
technologies would be able to replace, or assist, in each task in construction. This led to the 
inclusion of 16 distinct categories on the construction worker survey. The 16 distinct categories 
on the survey were general requirements, site construction, concrete, masonry, metals, woods 
and plastics, thermal and moisture protection, doors and windows, finishes, specialties, 
equipment, furnishings, special construction, conveying systems, mechanical and lastly 
electrical. In addition to these 16 categories, the survey allowed for the inclusion of other 
options for any other possible classification of jobs such as surveying, demolition, and road 
work.  
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6.2 Social Implications 
One of the primary goals of this project is to determine how the general population and 
the construction workers perceive the integration of robotics into construction for all 9 
categories of robots. More specifically, this perception was further categorized in terms of 
safety, privacy, and the duration of construction projects if robotics were to play a leading role. 
In terms of construction workers, the survey sought out their opinions on job security, 
productivity safety, security, and quality of work if and when robotics are introduced. In 
addition, the survey sought out their opinion on their willingness to learn maintenance for 
robots, understand how robots can assist, and gauge their interest in cooperation with robots. 
In order to determine all these key aspects from the general population and from the 
construction workers two surveys were created for each group.  
6.2.1 Community Survey 
The community survey analyzed timeliness, privacy, and safety of all 9 robotic 
technologies. 100 survey responses were collected and the data pool spanned all age, gender, 
and had a widespread educational level. In order to take into account varying levels of 
knowledge between respondents, a knowledge multiplier was created. Respondents answered 
from 1 to 5, 1 being no knowledge and 5 being highly knowledgeable. This response was used 
as a multiplier for all the individual responses for safety, privacy and timeliness.  This allowed 
for filtered responses and a better representation of data. The weight of this section was 15% 
of each technologies final grade so the maximum score would be a 15. The purpose of this 
sections weight, and the determination of it is discussed later in chapter 8. The final results, all 
using the multiplier discussed above, are shown in table 4 below:  
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Technology Timeliness Privacy Safety Averages Score  
(Score=15*Average) 
3D Printing 90% 90% 90% 90% 13.5 
Roadwork 88% 88% 88% 88% 13.2 
Bricklaying 90% 88% 86% 88% 13.2 
Welding 87% 85% 80% 84% 12.6 
Forklift 83% 83% 81% 82% 12.35 
Demolition 83% 81% 76% 80% 12 
Exoskeleton 79% 79% 76% 78% 11.7 
Drones 77% 65% 80% 74% 11.1 
Humanoids 63% 60% 62% 62% 9.25 
Table 4: Community Survey Results 
These results reflect society's perceptions about different types of robots. In terms of 
timeliness 3D printing and bricklaying robots have the highest rating while drones have the 
lowest. These two technologies received the highest scores most likely do to the mass 
production nature of 3D printers and bricklaying robots. Figure 20 shows the scores of each 
robotic technology in terms of timeliness below: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 20 – Community Survey: Timeliness 
In terms of privacy, 3D printing has the highest rating while drones once again have the 
lowest. Drones most likely had a very low rating because many people tend to feel that drones 
with cameras have the ability and use of spying on them. This would be seen as an invasion of 
privacy and can be directly attributed to the low rating it received in privacy. Figure 21 shows 
the scores of each robotic technology in terms of privacy below: 
 
Figure 21 – Community Survey: Privacy 
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 In terms of safety, 3D printing once again took the highest rating while demolition and 
exoskeleton took the lowest. This is moderately surprising due to the large moving components 
an industrial 3D printer has. Yet 3D printing was rated the highest among the 3 categories and 
drones was rated the lowest. Figure 22 shows the scores of each robotic technology in terms of 
safety below: 
 
Figure 22 – Community Survey: Safety 
6.2.2 Construction Worker Survey 
The construction worker survey analyzed job security, productivity, safety, security, 
quality of robot integration as well as construction worker interest in learning maintenance and 
their willingness of acquiring assistance and cooperation with all 9 robotic technologies. 100 
survey responses were collected for this survey. Each respondent identified with a trade of 
work according to the CSI classification. This allowed for the correlation of the trades with the 
robotic technology.  In order to take into account varying levels of knowledge between 
respondents, a knowledge multiplier was created. Just as in the community survey, 
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respondents answered from 1 to 5, 1 being no knowledge and 5 being highly knowledgeable, 
and this response was used as a multiplier for all the individual responses.  This allowed for 
filtered responses and a better representation of data. The weight of this section was 15% of 
each technologies final grade so the maximum score would be a 15. The purpose of this 
sections weight, and the determination of it is discussed later in this report. The final results are 
shown in table 5.  
As shown in table 5, drones got the highest score across the categories and humanoids 
got the lowest score across the categories. Dissecting each of the categories, construction 
workers felt that 3D printing would be the least threatening to their job security, however, 
welding robots scored an underwhelming 36%, meaning that construction workers overall felt 
afraid that this robotic technology is very threatening to its corresponding trade. Figure 23 
shows the scores of each robotic technology in terms of job security below: 
 
  
Figure 23 – Construction Worker Survey: Job Security 
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Table 5: Construction Worker Survey Results 
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In terms of productivity, drones scored the highest, meaning that respondents who 
were surveyors or similar, felt that drones would allow them to be more productive at the job 
site. Humanoids scored lowest in productivity and this can be most likely attributed to the 
societal perceptions of humanoids as well as the general feeling that there is currently no way 
that a humanoid could work as productively as a human could at the current technological 
standpoint humanoids are in. Figure 24 shows the scores of each robotic technology in terms of 
productivity below: 
 
Figure 24 – Construction Worker Survey: Productivity 
Welding robots scored the highest in terms of safety meaning that workers felt their 
integration would allow for an overall safer work environment. When analyzed with job 
security, one may attribute the high score in safety with the low score in job security. Workers 
may feel that a safer work environment created by welding robots would directly translate into 
the welding robots replacing human workers entirely for safety concerns. 3D printing robots 
scored the lowest in terms of safety, which can most likely be attributed to the mass scale of 3D 
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printed homes with its large scale moving components. Figure 25 shows the scores of each 
robotic technology in terms of safety below: 
 
Figure 25 – Construction Worker Survey: Safety 
In terms of security of the job site welding robots got the highest while forklift robots 
received the lowest. Unexpectedly, drones received a low score for security. Surveillance 
drones have the capability of ensuring there are not trespassers on the construction site or that 
materials are being stolen. Because of this it was expected that drones would receive a higher 
score, but this can be attributed to the fact that construction workers may not know the true 
benefit of a drone in this capacity. Figure 26 shows the scores of each robotic technology in 
terms of security below: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 26 – Construction Worker Survey: Security 
Drones and forklift robots were tied for the highest rating in terms of quality of the 
work. Both can be attributed to the respondent's job type and how they feel a robot would 
better the quality. A drone would better a surveyor’s quality of work because it could get 360 
panoramas faster than a human could as well as aerial topographical shots. A forklift would be 
able to deliver things pre-programmed from location to location without human error. 
Humanoids distinctly got the lowest rating in terms of quality of work most likely because, as 
stated before when analyzing the productivity, the level of humanoid ability is technologically 
not advanced enough to even match that of a human. Figure 27 shows the scores of each 
robotic technology in terms of quality below: 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
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Figure 27 – Construction Worker Survey: Quality 
Drones scored the highest in terms of maintenance, meaning that construction workers 
would be willing to learn how to maintain and repair drones if need be. Demolition robots 
scored the lowest in terms of maintenance, however this result is okay because most all of the 
demolition robot companies offer free maintenance services. Figure 28 shows the scores of 
each robotic technology in terms of learning maintenance below: 
 
Figure 28 – Construction Worker Survey: Learning Maintenance 
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Drones also scored the highest in terms of assistance, meaning that construction 
workers who would interact with drones are willing to allow them to assist in their everyday 
jobs. Humanoids scored the lowest in this category, presumably because construction workers 
do not want to have robots assist them over that of another human. Figure 29 shows the 
scores of each robotic technology in terms of assistance below: 
 
Figure 29 – Construction Worker Survey: Assistance 
Bricklaying robots got the highest score for cooperation with construction workers 
meaning that the workers in the corresponding trades such as masonry would like a partnership 
with a robot to collaborate and work together on separate tasks to get a common goal done. 
Humanoids scored the lowest in this category, once again, most likely due to the fact that 
workers do not want to have to collaborate and partner with robotic versions of humans. 
Figure 30 shows the scores of each robotic technology in terms of cooperation below: 
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Figure 30 – Construction Worker Survey: Cooperation 
In the end, construction workers highly favored drones and highly disliked humanoids. 
All of the assumptions and probabilistic conclusions made in the above discussions about the 
surveys were based upon the raw numerical results and research done on each robotic 
technology. The research done previous to these surveys gave meaning to the results of the 
survey.  
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7.0 Research and Results: Risk and Cost Benefit Analysis 
One of the primary tasks that needed to be accomplished was the creation of the risk 
and cost benefit analysis. Both of these analyses were conducted in order to have a more 
complete evaluation of all the robotic technologies. 
 
7.1 Risk Analysis 
 The risk analysis is primarily used in order to determine the safety or the risk of an 
accident for a construction worker performing a task. In order to evaluate the risk, workers 
compensation insurance rates were used as a proxy for the different tasks that the construction 
workers would be doing on site.  In order to determine the tasks, the CSI classification system 
previously discussed was used and correlated to the workers compensation insurance rates for 
each respective task. The averages of these rates were used and entered into a spreadsheet for 
evaluation, as can be seen in the second column of table 6.  
The data that was collected and assigned to a grading rubric. This rubric determined the 
score for each technology in terms of relieving the risk of the respective task(s). To determine 
the risk value we created an equation to translate the worker compensation insurance rate per 
hour into it. The equation for how the risk value was calculated is shown in the table. In the 
equation, a constant value of 7 was added to intentionally add a buffer to technologies with 
insurance rates approaching 0. The rate is multiplied by 2.25 to allow an insurance rate of $3.5 
per hour to achieve the max score of 15. The final risk analysis scores for each technology are 
shown below in table 6: 
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Tech Worker Compensation Insurance 
Rate per Hour 
"Risk" Value 
Value  (7+ (Rate)*2.25) 
Bricklaying Robots $3.46 15 
3D Printing & Contour Crafting $3.28 13 
Welding Robots $3.28 13 
Roadwork Robots $3.10 13 
Demolition Robots $3.01 13 
Drones: Transport $2.04 11 
Exoskeletons $2.03 11 
Humanoids $2.03 11 
Forklift Robots $1.86 10 
Drones: 3D Printing, Swarm $1.27 9 
Drones: Surveillance $0.59 8 
Drones: Surveying $0.41 7 
Table 6: Risk Analysis  
 As can be seen in the above table, bricklaying robots, 3D printing, and welding 
robots were the top 3 robotic technologies while surveying drones, surveillance drones, and 3D 
Printing drones scored lowest. These three drones most likely received the lowest scores 
because the jobs don’t require high worker compensation rates as jobs such as surveying does 
not require as risky a task as say a welder. Welding robots, for example, scored highly because 
the worker compensation rates are high for tasks such as welding.  
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7.2 Cost Benefit Analysis 
The cost benefit analysis is one of the most pivotal aspects in determining the 
importance and weight of each robotic technology.  The first step was to understand all of the 
potential aspects that influence cost benefit calculations.  Of all the factors for each technology, 
the cost benefit analysis is the most important with a weight of 25% of the total grade. The 
significance of the weight of this section is described later in chapter 8. One of the main reasons 
a company invests in robots is to get a positive return on that investment, or ROI for short. 
Based upon the total savings a piecewise equation was created in order to translate the savings 
into a score out of 25 possible points as shown below in figure 31: 
𝑆𝑐𝑜𝑟𝑒 =
{
 
 
 
 25 −
100 − (% 𝑆𝑎𝑣𝑖𝑛𝑔𝑠)
10
, 50 ≤ (%𝑠𝑎𝑣𝑖𝑛𝑔𝑠) ≤ 100
20 −
50 − (%𝑆𝑎𝑣𝑖𝑛𝑔𝑠)
2.5
, 25 ≤ (%𝑠𝑎𝑣𝑖𝑛𝑔𝑠) < 50
10 −
25 − (%𝑆𝑎𝑣𝑖𝑛𝑔𝑠)
2
, 0 ≤ (%𝑠𝑎𝑣𝑖𝑛𝑔𝑠) < 25
 
Figure 31 – Cost Benefit Equation 
The final results, in terms of percentage of savings and the resulting score can be seen in 
table 7:  
Technology Savings Score Source 
Bricklaying Robots 50.00% 20 (SAM100, 2015) 
3D Printing/Contour Crafting 60.00% 21 (“FAQ”, 2015) 
Drones 90.00% 24 
(“Advanced Drone 
Inspection”, 2015) 
Humanoids 0.00% 0 (“DARPA”, 2015) 
Exoskeleton 5.00% 1 (Farivar, 2015) 
Forklift Robots 60.00% 21 (Davich, 2010) 
Roadwork Robots 40.00% 16 (Skibniewski, 2015) 
Welding Robots 80.00% 23 (Stapon, 2015) 
Demolition Robots 60.00% 21 (Tripp, 2000) 
Table 7: Cost Benefit Results 
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In order to obtain this data the ROI for each and all the robotic technologies was 
determined. As a starting approach, the book RS Means was used as a guide to get research on 
the various prices a contractor will offer for a job to get done on the construction site. The jobs 
chosen to be recorded were jobs a robot could potentially perform either autonomously or 
teleoperated (RS Means, 2011).  In order to calculate the cost benefit, we used a ROI Analysis 
(See Appendix A for the ROI used for all the robotic technologies).  Unfortunately, there is not 
enough data available to fill out a ROI for each technology.  The savings were calculated from 
articles that stated the total cost of a job with and without the robot technology implemented 
or used a company’s claim on how much their robot technology would save. For those that 
weren’t calculated from articles (as cited above in table 7), the cost savings were derived from 
this ROI sheet and calculated over a 5 year span. This was calculated by finding the difference of 
paying equitable salaries of 5 years from the cost of a single robot that would do the job divided 
by the equitable salaries of 5 years. This was then multiplied by 100% to find the percentages of 
cost savings. 
There were two special cases to this.  The first was humanoid robotic technology.  
Although Boston Dynamic’s new humanoid robot demonstrated many advances to the field, 
this technology received a zero percent on cost benefit.  The reasoning for this comes from 
DARPA Robotics’ challenge last summer. IEEE Spectrum uploaded an online video showing a 
collaboration of competing humanoid robots falling down.  Judging by the video, this was a 
common occurrence with many participating robots.  Also, to win the competition, the 
humanoid robot only had to complete the course once.  This does not factor in doing a set of 
tasks repeatedly or adaptability to new job tasks.  Even for the Boston Dynamics humanoid 
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demonstration video, they selectively edited their video to exclude clips of their robot failing.  
Due to the reliability concern, humanoids have a score of zero for cost benefit. 
The second special case is exoskeleton technology. Through research, we have found 
the cost of exoskeleton to be dramatically different from other robot technologies.  While most 
robots are in the $100K+ range, we have found exoskeletons being sold anywhere from $2K to 
$20K. However, they have been given a low score for cost benefit. This is because the savings 
are much less than that of another robot technology.  For other robot technology, you can cut 
labor force down and potentially cost materials down, depending on the type of technology.  
Exoskeletons do not cut the labor force down, but cut some of the co pay down by having 
workers who use them have much less chance of back injury and other injuries associated to 
picking and placing materials.  For these reason, their benefit can be seen similar to the benefit 
of updated equipment, it makes task more productive but has a small savings over the bigger 
picture.  This is not to say that this is a bad thing, as more of the benefits are accrued by the 
worker’s health than increased revenue. In terms of productivity, exoskeletons can certainly 
increase the amount of weight a worker can lift and can even enable crippled or handicapped 
workers. In terms of accident reduction, exoskeletons have actually seen an increase in 
accidents because users of the exoskeletons experience illusions of invulnerability and attempt 
to lift beyond the suits capabilities which can lead to bodily harm.  
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8.0 Research and Results: Final Rubric Grades 
In order to quantitatively determine which of these technologies are best, we created 
an overall grading rubric. This grading rubric accounted for all the factors previously analyzed 
including the time to commercial availability, risk analysis, community survey results, 
construction worker survey results, cost benefit analysis, and personal researcher opinions 
based upon all of the data collected. The final grades for each robotic category and its 
respective subcategories were calculated a raw score which then in turn represented an overall 
letter grade. The weights for each section were distributed as follows: 25% cost benefit, 20% 
researcher ratings, 15% community survey results, 15% construction worker results, 15% risk 
analysis, and lastly 10% commercial availability. The reason for the difference in weighting was 
because not every section was believed to be of equal importance. Cost benefit, for example, 
was given the highest weight as companies value return on investment. This is shown in table 8: 
Grading Rubric:   
Cumulative Raw Score Letter Grade 
90-100 A+ 
85-89.9 A 
80-84.9 B+ 
75-79.9 B 
70-74.9 C+ 
65-69.9 C 
60-64.9 D 
0-59 F 
Table 8 - Final Grade Rubric 
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 This rubric was used in conjunction with the robotic grading sheet to determine the 
cumulative raw scores and final letter grade for each robotic technology and respective 
subcategories. This can be seen in figure 32. The raw scores and the final letter grade for each 
item can be seen below in table 9:  
 FINAL GRADES:    
Technology Cumulative Raw Scores: Letter Grade 
Demo: Multi-Tooled 86.7 A 
Demo: Hydro Powered 86.1 A 
Demo: Env-Friendly 78.6 B 
Drone: Surveillance 84.3 B+ 
Drone: 3D Print 59.0 F 
Drone: Transport 83.3 B+ 
Drone: Surveying 83.9 B+ 
Drone: Swarm 81.1 B+ 
3D Printing 78.2 B 
Bricklaying: Walls 83.4 B+ 
Bricklaying: Roads 85.7 A 
Welding 74.2 C+ 
Exoskeletons 56.7 F 
Forklift Robots 75.5 B 
Roadwork: Repainting 76.5 B 
Roadwork: Repaving 74.2 C+ 
Humanoids 33.5 F 
Table 9: Final Robot Grades 
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Figure 32 - Robotic Grading Sheet 
57 | P a g e  
 
 The results from these final grades allow us to quantitatively state which robotic 
technologies are best suited for integration into the field of construction. By using these 
obtained values in table 9 we were able to make a ranked list from best to worst technology. 
This ranked list can be seen below in figures 33 and 34: 
  
Figure 33 - Robot Ranks Part 1 
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Figure 34 - Robot Ranks Part 2 
 As can be seen in figures 33 and 34, there were some very successful robots and some 
that failed to meet expectations for integration into construction. The top 3 technologies were: 
multi-tooled demolition robots, hydro-powered demolition robots, and road bricklaying robots, 
all receiving grades of “A”. By receiving an “A” the project team intends the denotation to 
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signify that these 3 technologies are the best, or at least better, options for construction 
companies that want to integrate robotic solutions into their practices. The worst 3 
technologies were: humanoids, exoskeletons, and 3D printing drones, all receiving grades of 
“F”. Receiving a grade of “F” signifies that these 3 technologies are not yet ready to become 
integrated into construction practices, and if they are they will not be beneficial. Moving 
forward this ranking can help construction companies understand which technologies are their 
best bet to enhance their business. Below in figure 35 is an example of the final grading system 
and the components that it comprised of in a successful robotic technology as shown in the 
portfolio (see Appendix C for the entire Portfolio): 
THIS SPACE HAS BEEN INTENTIONALLY LEFT BLANK 
60 | P a g e  
 
 
Figure 35 – Portfolio Example 
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9.0 Conclusion  
 The Robotics in Construction Interactive Qualifying Project sought out to answer the 
leading focus question: “How can robotic technologies be used to benefit the construction 
industry of Massport and the surrounding communities?” By the end of this project, this focus 
question was answered within the context of the study and produced a detailed evaluation of 
all studied technologies in terms of their applicability to the construction industry. It also 
produced a roadmap for the integration of technology as well as a timeline to allow 
construction companies to determine when each technology is estimated to be available for 
purchase and use. Appendix C shows all 17 robotic subcategories spanning their 9 major 
categories: demolition robots, 3D printing & contour crafting robots, drones, roadwork robots, 
bricklaying robots, welding robots, exoskeletons, humanoids, and forklift robots.  
 In determining which technologies were the best, 6 distinct weighted categories were 
created to quantitatively answer our focus question. These categories consisted of a 
community survey, a construction worker survey, a risk analysis, a cost benefit analysis, an 
availability analysis, and lastly researcher opinions. The accumulation of the results in all of 
these categories allowed for a robotic technology to be graded on a scale of 0-100. Using this 
scale the robots were able to be ranked based off of their grades in order to determine which 
technologies were best suited to benefit the construction industry.  
 The research done in this project reflects the current moment in time. Technology 
advancements are unpredictable and innovations surge and seize at random moments in time. 
The results of this project reflect the current data as well as both current and foreseeable 
robotic technologies that can be applicable to construction. However, this project provides 
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framework for future analysis of the subject. The results could be very different. We hope that 
our format for finding the current best solution to integrating robotics can be used as a 
template if it were to be assessed again in the future. 
The results of the proposed grading system were used to quantitatively determine that 
multi-tooled demolition robots, hydro-powered demolition robots, and road bricklaying robots 
were the best three robotic technologies at the current moment in time. This study addressed 
the focus question and in doing so provides Massport with a useful tool in assessing both 
current and future robotic technologies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
63 | P a g e  
 
References 
 
 "Advanced Drone Inspection & Surveying." Ascending Technologies GmbH. N.p., 20 July 2015. 
Web. Jan.-Feb. 2015. 
"Boston Dynamics: Dedicated to the Science and Art of How Things Move." Boston Dynamics: 
Dedicated to the Science and Art of How Things Move. N.p., 2013. Web. 14 Oct. 2015. 
Burke, Carthy. "Expert: Terrorists Hacking Into Robots, Drones to Use as Weapons." Newsmax. 
N.p., 16 Apr. 2015. Web. 14 Oct. 2015. 
"Construction Industry History." History of the Construction Industry. Redneck Chronicles, n.d. 
Web. 14 Oct. 2015. 
"Construction Process." RIB. RIB Software AG, n.d. Web. 14 Oct. 2015. 
Crimaldi, Laura. "Ironworker Hurt after Falling Some 40 Feet at Logan Garage - The Boston 
Globe." BostonGlobe.com. Boston Globe, 10 July 2015. Web. 14 Oct. 2015.  
"Darpa." DARPA, n.d. Web. Nov.-Dec. 2015. 
Davich, Thomas. Material Handling Solutions: A Look into Automated Robotics (n.d.): n. pag. 
University of Wisconsin-Madison, 9 Jan. 2010. Web. 
Drelich, Kimberly. “Connecticut Bridge Gets Inspection via Drone.” Connecticut Bridge Gets 
Inspection via Drone. Tribute Content Agency, n.d. Web. 20 Nov. 2015.  
"Drones." How Drones and UAVs Are Already Affecting Construction Jobsites. N.p., n.d. Web. 14 
Oct. 2015. 
64 | P a g e  
 
"Factors Affecting Construction Labor Productivity." White Paper (n.d.): n. pag. Intergraph. 
Intergraph Corporation, 2012. Web. 13 Oct. 2015. 
"FAQ." Contour Crafting. Contour Crafting, n.d. Web. 22 Nov. 2015. 
Farivar, Cyrus. "This Magic Exoskeleton for Industrial Workers Is the Future—we Know, We 
Wore One." ARS Technica. WIRED, n.d. Web. Jan.-Feb. 2015. 
Gyimah, Adwoa. "Agile Robotics: Autonomous Forklift." Agile Robotics: Autonomous Forklift. 
Massachusetts Institute of Technology, n.d. Web. 20 Oct. 2015. 
"Industrial Robots and Robot System Safety." OSHA Technical Manual (OTM). N.p.: n.p., n.d. N. 
p. Occupational Safety & Health Administration. United States Department of Labor. Web. 14 
Oct. 2015. 
"I, Robot." Plot Summary. IMDb.com, 2004. Web. 14 Oct. 2015. 
Jackson, James R. Robotics in the Construction Industry. N.p.: U of Florida, 1990. DTIC. 
University of Florida, Aug. 1990. Web. 12 Oct. 2015. 
Kankudti, Affirunisa. "Termite-Like Robotic Construction." Nature World News. Nature World 
News, 14 Feb. 2014. Web. 14 Oct. 2015. 
Khoshnevis, Behrokh, Dr. "Contour Crafting - CC." Contour Crafting. University of South 
California, 2014. Web. 14 Oct. 2015. 
Mane, Gregory. "Invention Awards 2014: A Powerful, Portable, And Affordable Robotic 
Exoskeleton." Popular Science. Popular Science, 6 May 2014. Web. 14 Oct. 2015. 
65 | P a g e  
 
"Massachusetts Bay Transportation Authority." Fare and Pass Information for Commuter Rail 
Service. MassDOT, n.d. Web. 8 Oct. 2015. 
"Massport - Home." Massport - Home. N.p., n.d. Web. 5 Sept. 2015. 
"Massport Mission." Massport. N.p., n.d. Web. 11 Oct. 2015. 
"Mini Welding Robot." Hyundai Heavy Develops Mini Welding Robot. Robotics Business Review, 
7 May 2013. Web. 14 Oct. 2015. 
"OSHA" Occupational Safety and Health Administration. US Department of Labor, n.d. Web. 14 
Oct. 2015. 
"Paint and Coatings Industry News." The Robotic Future of Repainting Roads: PaintSquare 
News. N.p., 20 Feb. 2013. Web. 14 Oct. 2015. 
"Remote Demolition." Demolition Robots Product Range. N.p., n.d. Web. 14 Oct. 2015. 
Romeo, Nick. "Afraid of Robots Taking Your Jobs? You Should Be." The Daily Beast. 
Newsweek/Daily Beast, 3 June 2015. Web. 11 Oct. 2015. 
RSMeans Eng Dept. (2011). RS Means Building Construction Cost Data 2012 (Means Building 
Construction Cost Data) (70th ed., Means Building Construction Cost Data). Robert s Means. 
"SAM100." Construction Robotics. Construction Robotics, n.d. Web. 22 Mar. 2016. 
"Semi-Automated Mason." Construction Robotics. N.p., n.d. Web. 14 Oct. 2015. 
Skibniewski, Miroslaw. Automation and Robotics for Road Construction(n.d.): n. pag. Urban 
Transportation Division. Web. 4 Oct. 2015. 
66 | P a g e  
 
Stapon, Garth. Welding Robotics Project (n.d.): n. pag. Airgas. Web. 12 Nov. 2015. 
Teller, Seth. "Robotic Forklift." A Voice-Commandable Robotic Forklift Working Alongside 
Humans in Minimally-Prepared Outdoor Environments (n.d.): n. pag. University of Chicago. 
Department of the Air Force, 2010. Web. 14 Oct. 2015. 
Tripp, Julia. "D&D Technology Cost Benefit Analyses." (n.d.): n. pag. Idaho National Engineering 
and Environmental Labratory, 27 Feb. 2000. Web. 12 Dec. 2015. 
"Why Construction Surveillance Is so Important." ProVigil. N.p., 12 June 2015. Web. 14 Oct. 
2015.  
"Will Advances in Technology Create a Jobless Future?" MIT Technology Review. EmTech, 16 
June 2015. Web. 12 Oct. 2015. 
 
 
67 | P a g e  
 
Appendix A: Return on Investment 
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Appendix B: List of Research Questions 
List of Questions 
 
 
Massport: 
What are the construction trends seen at Massport? 
Which communities could/have been affected by Massport Construction? 
Societal Implications: 
How do construction workers feel about robots/new tech in construction? 
How do the surrounding communities feel about robot/new tech?  
Construction Process: 
What is the construction process?  
Where in the construction process can robots play the largest role? 
Drones: 
What are the applications of drones?  
How can drones be used in construction?  
What are the limitations of drones?  
What are the pros/cons of drones? 
When could drones be used to assist in construction? 
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Demolition Robots: 
What are the applications of demolition robots? 
How can demolition robots be used in construction?  
What are the limitations of demolition robots? 
What are the pros/cons of demolition robots? 
When could demolition robots be used in construction? 
3D Printing: 
What are the applications of 3D printing?  
How can 3D printing be used in construction? 
What are the limitations of 3D printing?  
What are the pros/cons of 3D printing?  
When could 3D printing be used in construction? 
Bricklaying Robots: 
What are the applications of bricklaying robots? 
How could bricklaying robots be used in construction? 
What are the limitations of bricklaying robots? 
What are the pros/cons of bricklaying robots? 
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When could bricklaying robots be used in construction? 
Welding Robots: 
What are the applications of welding robots? 
How can welding robots be used in construction? 
What are the limitations of welding robots? 
What are the pros/cons of welding robots? 
When can welding robots be used in construction? 
Exoskeletons: 
What are the applications of exoskeletons? 
How could exoskeletons be used in construction? 
What are the limitations of exoskeletons? 
What are the pros/cons of exoskeletons? 
When could exoskeletons be used in construction? 
Forklift Robots: 
What are the applications of forklift robots? 
How could forklift robots be used in construction? 
What are the limitations of forklift robots? 
71 | P a g e  
 
What are the pros/cons of forklift robots? 
When could forklift robots be used in construction? 
Roadwork Robots: 
What are the applications of roadwork robots? 
How can roadwork robots be used in construction? 
What are the limitations of roadwork robots? 
What are the pros/cons of roadwork robots? 
When can roadwork robots be used in construction? 
Humanoids: 
What are the applications of humanoid robots? 
How could humanoid robots be used in construction? 
What are the limitations of humanoid robots? 
What are the pros/cons of humanoid robots? 
When could humanoid robots be used in construction? 
Table 1 - List of Secondary Questions 
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Appendix C: Portfolio 
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